Introduction {#Sec1}
============

Imagine walking along a path next to a lake. You are searching for a particular red flower that grows only along the waterfront. While searching, all red flowers will probably attract your attention. Your eyes will fixate on the red flowers while at the same time you ignore other colorful flowers. You can ignore the other flowers because they do not share the feature you are set to look for; the color red. However, if suddenly a fish jumps up out of the water your attention and your eyes are captured automatically by this event even though it has nothing to do with your current goal. These two examples illustrate the balance between top-down and bottom-up attentional and oculomotor capture. The former is induced by the contingency of top-down goals and the latter is induced by the salience information in the environment. However, whether a salient event captures attention in a purely automatic, bottom-up fashion or whether capture is always contingent on task demands is still under debate. The aim of this study was to investigate the role of these bottom-up and top-down selection processes in a visual search task using oculomotor capture as the dependent measure.

Attentional capture is commonly measured by presenting an additional irrelevant---but salient distractor during visual search (e.g., Theeuwes [@CR18], [@CR19], b, 1996; Yantis and Jonides [@CR35], [@CR36]). Typically, the presence of this distractor slows manual responses to the target. Results from these studies led to a bottom-up capture hypothesis proposed by Theeuwes ([@CR18], [@CR19], [@CR22]). This view states that during early visual processing, bottom-up saliency signals in the environment can cause an involuntary shift of spatial attention that cannot be overridden by attentional top-down goals. Bacon and Egeth ([@CR1]), however, proposed an alternative explanation. Not the saliency of the distractor, but the fact that both target and distractor were defined by a unique singleton in the display, caused a shift of attention. They hypothesized that participants adopted a top-down search strategy for singletons and therefore any singleton would capture attention (but see Theeuwes [@CR22]). This view is consistent with the contingent capture hypothesis of Folk and colleagues (e.g., Folk et al. [@CR3], [@CR4]). This hypothesis states that even at the early stage in visual processing, top-down goals induced by task demands are crucial for attentional capture (e.g., Folk et al. [@CR3], [@CR4]). In these studies, a distractor cue, that can be similar or dissimilar to the to search for target, is presented preceding the target display to measure attentional capture. Results showed that a distractor cue caused a shift of spatial attention only if distractor and target were defined by the same feature properties.

In the oculomotor domain, studies on saliency and contingency have provided additional insights regarding the mechanism underlying attentional capture (e.g., Ludwig and Gilchrist [@CR8], [@CR9]; van Zoest and Donk [@CR31]). For example, in a recent study by van Zoest and Donk ([@CR31]), subjects had to make a speeded saccade to a vertical line-element (i.e., the target) that was presented in a display full of background line-elements. These background line-elements all had the same contrasting orientation relative to the target. An irrelevant singleton (i.e., distractor) that differed in orientation from the homogeneous group of background elements was presented in each trial. They manipulated the saliency of this distractor by increasing or decreasing the orientation contrast to the surrounding background line-elements. In addition, the similarity of the distractor to the target was manipulated by making the orientation of the distractor line-element more or less similar to the target. Results showed that the short-latency saccades went more often to the salient distractor while long-latency saccades were not affected by distractor saliency. In contrast, the short-latency saccades were not affected by target-distractor similarity while long-latency saccades went more often to the similar distractor. Moreover, no interaction was found between distractor saliency and target-distractor similarity suggesting that saccades driven by saliency were independent of saccades driven by top-down goals. Although this study shows that short-latency saccades are driven by bottom-up saliency, consistent with a bottom-up capture view, the results are not in line with the idea of a contingency between bottom-up and top-down control. Based on their results, van Zoest and Donk suggest that saliency and top-down processes operate in different and independent time-windows and do not integrate to guide behavior.

In the studies by Ludwig and Gilchrist ([@CR8], [@CR9]), subjects had to make a speeded saccade to one of four possible target locations while ignoring a distractor at two other possible locations. The distractor could be similar (i.e., identical) or dissimilar to the target. In addition, the saliency of the similar or dissimilar distractor type was manipulated by presenting it either as an abrupt onset or as a color change. Relative to baseline, in which no distractor was present, a dissimilar distractor, regardless whether it was more or less salient, had no effect on saccade latencies to the target and hardly captured the eyes. On the contrary, the similar distractor, whether it was more or less salient, increased saccade latencies to the target and could capture the eyes up to 56% of the trials. They concluded that their results are consistent with the contingent capture hypothesis (Folk et al. [@CR3], [@CR4]) although in a weaker version. Ludwig and Gilchrist argued that their results are in line with a weaker version of the contingent capture hypothesis because the eyes were captured significantly more often by the more salient similar distractor (abrupt onset) than by the less salient similar distractor (color change). Furthermore, when the eyes were captured, saccade latencies were shorter to onset distractors than to no-onset distractors. Therefore, the saliency of this contingent stimulus not only affected the number of times the eyes were captured but also the latencies of these error saccades. In contrast to van Zoest and Donk ([@CR31]), Ludwig and Gilchrist argued that bottom-up saliency signals are integrated with top-down information onto a common oculomotor saliency map to determine the saliency of an item (see also Godijn and Theeuwes [@CR5] for a similar conclusion).

However, Ludwig and Gilchrist ([@CR8], [@CR9]), based their conclusion on the results obtained with the similar distractor. In their study, the dissimilar salient distractor did not affect saccade latencies and hardly captured the eyes. This could be due to the fact that the location of the distractor was highly predictable. Moreover, unlike the design used by van Zoest and Donk ([@CR31]) the irrelevant distractor could never occur at a potential target location. Possibly, subjects in Ludwig and Gilchrist's studies could have inhibited the possible distractor locations beforehand. Indeed as shown in a study by Van der Stigchel and Theeuwes ([@CR28]) the mere expectation that a distractor will appear at a specific location can result in inhibition of that location. In this study, Van der Stigchel and Theeuwes found saccade deviations away from a location where a distractor was expected. In Ludwig and Gilchrist study, this location-based inhibition may have allowed the participants to successfully ignore the dissimilar distractor, but not the similar distractor (see also Ludwig and Gilchrist [@CR10]). In the present study, we used four possible distractor locations, which makes the distractor location less predictable in contrast to using two possible locations. The paradigm we used was a variant of the additional singleton paradigm in which subjects make a speeded saccade to a color singleton while a sudden onset can appear at one of the four possible locations (Godijn and Theeuwes [@CR5]). In the first experiment, the saliency of the distractor (an abrupt onset) was equal in both conditions. We manipulated the contingency of the additional distractor by making the color similar (similar onset condition) or dissimilar (dissimilar onset condition) to the target. In addition, the distractor in both conditions differed in shape from the target to eliminate any other shared features. The baseline (neutral condition) consisted of trials without an onset distractor. In contrast to the original additional singleton paradigm in which the non-targets change color in an equiluminant fashion (see Theeuwes et al. [@CR23]), we changed the color of the target in an equiluminant fashion. In a previous study, Godijn and Theeuwes ([@CR5]) showed that an equiluminant color change of the target basically gives the same results as changing all colors except the one of the target as was done in the original oculomotor capture paradigm of Theeuwes et al. ([@CR23]). Note that equiluminant color changes do not capture attention (see Theeuwes [@CR21]). In addition, because our main interest was in the error saccades, we removed the fixation point at the moment of target onset. Fixation disengagement is known to decrease saccade latencies (e.g., Munoz et al. [@CR15]) and short-latency saccades are associated with an increase in oculomotor capture (Godijn and Theeuwes [@CR5]).

We expected to find an effect of distractor presence and distractor similarity on correct saccades: slower saccades on trials with an onset distractor relative to baseline and slower saccades on trials with a similar onset distractor relative to trials with a dissimilar onset distractor. Furthermore, we expected both types of onset distractors to capture the eyes automatically; yet, we predicted that this would occur only when responses are triggered very early in time. Top-down information about distractor similarity may become evident only later in time due to the contingency of the distractor on task demands.

Experiment 1 {#Sec2}
============

Method {#Sec3}
------

### Participants {#Sec4}

Twelve paid volunteers (aged 18--24) participated in the experiment. All participants had normal or corrected to normal vision.

### Apparatus and design {#Sec5}

A Pentium IV computer with a processor speed of 2.3 GHz controlled the timing of the events. Displays were presented on an Iiyama 21″ SVGA monitor with a resolution of 1,024 pixels × 768 pixels and a 100-Hz refresh rate. A second computer controlled the registration of eye movement data on-line. Eye movements were registered by means of a video-based eye tracker (SR Research Ltd, Canada). The Eyelink2 system has a 500-Hz temporal resolution and a \<0.01° of gaze resolution (noise limited) and a gaze position accuracy of \<0.5°. The system uses an infrared video-based tracking technology to compute the pupil center and pupil size of both eyes. An infrared head mounting tracking system tracked head motion. Both the eyes were monitored, but only those data from the right eye were analyzed. Although the system compensates for head movements, the participant's head was stabilized using a chin rest. The distance between monitor and chin rest was 75 cm. The experiment was conducted in a sound-attenuated and dimly lit room.

The experiment consisted of three blocks. One block without an onset (neutral condition), one block with a gray square onset (similar onset condition) and one block with a red square onset (dissimilar onset condition). The distractor conditions each consisted of 384 trials and the neutral condition of 32 trials. Each block started with ten practice trials. The blocks were counterbalanced between participants.

We used a variant of the oculomotor capture task (Godijn and Theeuwes [@CR5]). All stimuli were presented on a black background. The display consisted of six filled circles, each 1.45° in diameter that were equally spaced around the fixation point on an imaginary circle with a radius of 9.8°. The circles were presented at 1, 3, 5, 7, 9 and 11 o'clock with an angular separation of 60° between the circles. In the distractor conditions a filled square, 1.3° in diameter, was presented on the imaginary circle exactly between two filled circles. The stimuli could be either red (*x* = 0.591, *y* = 0.333) or gray (*x* = 0.285, *y* = 0.306). The red and gray colors were matched for luminance (14.55 cd/m^2^).

Figure [1](#Fig1){ref-type="fig"}a shows the sequence of a trial in the similar distractor condition. Each trial began with a white plus sign. After 1,400 ms the red circles were presented for at least 500 ms with an additional random jitter between 0 and 200 ms. One of the red circles changed to gray indicating the target location. Simultaneously with the color change, the fixation point disappeared and in the distractor conditions, the square was presented. The target appeared equally often at each of the four possible target locations: 1, 5, 7 or 11 o'clock. The distractor could appear at 2, 4, 8 or 10 o'clock, but always with an angular separation of 90° or 150° between distractor and target. Fig. 1**a** Experiment 1. From *bottom to top*, succession of events in a trial in the similar onset condition in which target and distractor have the same color. **b** Experiment 2. From *bottom to top*, succession of events in a trial in the valid onset condition in which an onset is presented at target location

### Procedure {#Sec6}

Before the experiment started, the Eyelink2 system was calibrated. Participants had to fixate nine calibration targets that were presented randomly in a 3 × 3 grid across the monitor. As soon as a point was fixated, the next target was displayed on the screen. On each trial in the experiment, participants were instructed to fixate the center fixation point (a cross) and to press the space bar in order to recalibrate the position of the eyes. The fixation point then changed into a plus sign as an indication that the positions of the eyes were recalibrated.

Participants were told to make a speeded saccade to the gray circle. To ensure that participants tried to be as fast as possible, we presented a warning beep if participants responded to slow (i.e., after 300 ms) and excluded these slow responses from analyses. To avoid anticipation saccades the warning beep was also presented when participants responded to fast, i.e., before 50 ms. Participants were asked to be as quick as possible and to minimize the warning beeps. In the distractor condition, feedback about their response time was displayed on the screen after every 24th trial and in the neutral condition after every 16th trial.

Results {#Sec7}
=======

Of all trials, the initial saccade latencies below 80 ms (4.95%) and above 300 ms (4.72%) were excluded from analysis. The first because these are anticipation saccades and the second because these responses were to slow (see Sect. "Procedure"). The initial saccade was assigned to a target or a distractor if the endpoint of the initial saccade was within 3° of the center of the target or distractor position.

Initial saccades {#Sec8}
----------------

In the neutral condition 87% of all initial saccades went to the target. In the dissimilar onset condition 77% and in the similar onset condition 55% of all initial saccades went to the target. A Friedman test on percentage correct saccades showed that there was a significant effect of condition \[*χ*^2^ (2, *N* = 12) = 18.667, *P* \< 0.01\].

In the dissimilar onset condition 8% of all initial saccades went to the distractor and in the similar onset condition 26% of all initial saccades went to the distractor. A two-related Wilcoxon test showed a significant effect between the two conditions (*z* = 3.059, *N*-ties = 12, *P* \< 0.01).

In the neutral condition 13% of all initial saccades went to locations elsewhere than the target, in the dissimilar onset condition 15% went to locations elsewhere than the target or the distractor and in the similar onset condition 19%. A Friedman test revealed that there was no difference between these various conditions.

Initial saccades to the target {#Sec9}
------------------------------

An ANOVA on latency for saccades correctly directed to the target showed that there was a significant main effect of condition \[*F*(2,22) = 47.699, *P* \< 0.01\]. Planned comparisons showed that the mean saccade latency in the neutral condition (198 ms, SE 5 ms) was significantly shorter than the mean saccade latency in the dissimilar onset condition \[214 ms, SE 6 ms; *t*(11) = 5.670, *P* \< 0.01\] and significantly shorter than the mean saccade latency in the similar onset condition \[229 ms, SE 5 ms; *t*(11) = 9.304, *P* \< 0.01\], suggesting that the distractor captured attention in both onset conditions. Furthermore, the mean saccade latency in the dissimilar onset condition was significantly shorter than the mean saccade latency in the similar onset condition \[*t*(11) = 4.480, *P* \< 0.01\].

Time-course of correct saccades {#Sec10}
-------------------------------

To examine the effect of the two types of onset distractors on the latencies of saccades directed to the target, we calculated individual cumulative distribution functions of the saccade latencies for each subject. These were averaged in five bins using the vincentizing procedure (Ratcliff [@CR16]). Figure [2](#Fig2){ref-type="fig"} shows the distributions of the saccade latencies to the target in the three conditions. An ANOVA with conditions (neutral, dissimilar onset and similar onset) and bin as factors, revealed a main effect of condition \[*F*(2,22) = 44.687, *P* \< 0.01\]. Planned comparisons revealed that in all bins, saccade latencies to the target in the neutral condition were significantly shorter than saccade latencies to the target in the dissimilar onset condition and the similar onset condition (*P* \< 0.01). Furthermore, in all bins saccade latencies to the target in the dissimilar onset condition were significantly shorter than saccade latencies to the target in the similar onset condition (*P*\< 0.05). Fig. 2Cumulative distribution functions of the latencies of the error saccades to the distractor in the dissimilar onset and the similar onset condition (*open squares and triangles*) and of the correct saccades in the neutral, the dissimilar onset and the similar onset condition (*closed circles, squares and triangles*)

As is clear in Fig. [2](#Fig2){ref-type="fig"}, in addition to the effect of onset distractor, an effect of similarity of the distractor was found in all bins. The finding that the whole distribution in the similar onset condition is shifted relative to the distribution in the dissimilar onset condition, may be explained by assuming that once attention is captured by the distractor, it is more difficult to disengage attention from a similar distractor than from a dissimilar distractor.

Fixation duration on distractor {#Sec11}
-------------------------------

To determine whether the longer correct saccade latencies in the similar onset condition relative to the dissimilar onset condition may be explained in terms of disengagement of attention, we analyzed the fixation durations on the two types of onset distractors. Fixation durations included only those trials in which the error saccade was followed by a correct saccade to the target. Subjects (5) who had too few observations (\<10) of fixation durations given the above criteria were excluded from this analysis. Planned comparisons showed that mean fixation duration on the dissimilar distractor was shorter (94 ms, SE 8 ms) than the mean fixation duration on the similar distractor \[128 ms, SE 22 ms; *t*(6) = 2.206, *P* \< 0.05, one-tailed\].

Initial saccades to the distractor {#Sec12}
----------------------------------

Some of the subjects (4) had very few observations (*n* \< 10) of saccades to the distractor in the dissimilar onset condition and were excluded from the following parametric analysis. In the dissimilar onset condition, mean saccade latency to the distractor (158 ms, SE 6 ms) was significantly shorter than mean saccade latency to the target \[213 ms, SE 9 ms; *t*(7) = 10.077, *P* \< 0.01\]. In addition, in the similar onset condition mean saccade latency to the distractor (169 ms, SE 5 ms) was significantly shorter than mean saccade latency to the target \[229 ms, SE 7 ms; *t*(7) = 15.556, *P* \< 0.01\]. Importantly, the mean saccade latency to the dissimilar onset distractor was significantly shorter than the mean saccade latency to the similar onset distractor \[*t*(7) = 3.600, *P* \< 0.01\].

Time-course of error saccades {#Sec13}
-----------------------------

To examine the effect of the similarity of the distractors on saccade latencies to the distractor, we calculated individual cumulative distribution functions of the latencies. Figure [2](#Fig2){ref-type="fig"} shows the distributions of the error saccades. An ANOVA with condition (dissimilar onset and similar onset) and bin as factors revealed a main effect of condition \[*F*(1,7) = 12.383, *P* \< 0.01\] and an interaction \[*F*(1.7,11.9) = 7.439, *P* = 0.01, with Greenhouse--Geisser correction\]. Furthermore, planned comparisons showed that the shortest saccade latencies in the first bin did not differ significantly (*P* = 0.62) between the two conditions and all other bins differed significantly (*P* \< 0.05).

Initial saccades directed elsewhere than the target or distractor {#Sec14}
-----------------------------------------------------------------

In the neutral condition, all but one subject had very few observations (*n* \< 10) of saccades directed to locations elsewhere than the target. Therefore, no parametric analysis was conducted for these saccade latencies. To conduct a *t*-test between the error saccades directed elsewhere than the target or distractor and the error saccades directed to a distractor, we excluded the same subjects (4) who had less than ten observations of error saccades directed to the dissimilar onset distractor. In the dissimilar onset condition, the mean latency of saccades directed elsewhere than the target or distractor (189 ms, SE 9 ms) was significantly longer than mean latency of saccades directed to the distractor \[158 ms, SE 6 ms; *t*(7) = 5.048, *P* \< 0.01\]. In the similar onset condition, the mean latency of saccades directed to a location elsewhere than the target or distractor (199 ms, SE 8 ms) was significantly longer than mean latency of saccades directed to the distractor \[169 ms, SE 5 ms; *t*(7) = 7.084, *P* \< 0.01\]. The shorter latencies of error saccades directed to the distractor relative to the error saccades directed elsewhere indicate that the distractor directed saccades were driven by the saliency information at that location.

Discussion {#Sec15}
==========

The results of Experiment 1 show that saccade latencies to the target are delayed by the presence of an additional distractor. This is consistent with the results obtained in a study by Godijn and Theeuwes ([@CR5]) (for similar finding see Theeuwes et al. [@CR24]).

The phenomenon of increased saccade latencies in the presence of a remote distractor is called the remote distractor effect and is extensively investigated in a study by Walker et al. ([@CR34]) (see also Walker et al. [@CR33]). They showed that the latencies of saccades to a visual target are increased when a distant onset distractor at a non-target location is presented simultaneously. In the present experiment, a similar distractor increased latencies of correct saccades more than a dissimilar distractor. The increase of correct saccade latencies in the presence of a similar distractor may be the result of slower attentional disengagement from a similar distractor. The fixation durations of error saccades to the distractors seem to corroborate this notion: fixation durations on a similar distractor were longer than fixation durations on a dissimilar distractor.

An important finding of the current experiment is that latencies of the saccades to the two types of distractors show a different time-course (see Fig. [2](#Fig2){ref-type="fig"}). Very early in time, the distributions do not differ, indicating that these saccades were driven purely on saliency information generated by the abrupt onset. Only later in time (after ∼150 ms), the distributions begin to differentiate showing the influence of the similarity of the distractor. From these results we conclude that early in time, saliency information captures attention and the eyes automatically. Top-down goal processes initially do not prevent attentional capture by bottom-up saliency information, but rather becomes manifest later in time. Therefore, contingent capture may have a different time-course than automatic capture.

However, the results can also be interpreted from a conflict resolution point of view. Relative to the target, the signal of the similar onset is a stronger competitor than the signal of the dissimilar onset. Due to the stronger competition in the similar onset condition, simple lateral inhibition (Ludwig et al. [@CR11]; Usher and McClelland [@CR27]) may account for the results. In this view, the conflict that arises between activity generated at the location of the target and at the location of the distractor would have taken extra time to resolve before the threshold is reached to execute a saccade.

To investigate whether the difference in saccade latencies was the result of processes resolving conflict or due to top-down processes driven by task-relevance of the distractor, we presented the onset in Experiment 2 either surrounding the target location (valid onset condition) or surrounding one of the non-target locations (invalid onset condition). As such, when the onset was presented at the target location, there was no conflict. In this way, the saliency information was either relevant for the task (when the onset was presented at the target location) or was irrelevant for the task (when the onset was presented at a non-target location). Figure [1](#Fig1){ref-type="fig"}b shows the sequence of a trial in the valid onset condition. The conditions were blocked across trials and mixed with neutral (no-onset) trials. Thus, in one block, the onset, if present, always appeared at the target location while in the other block the onset always appeared at a non-target location. Given this set-up, the subjects knew in advance that either the onset was always valid (indicating consistently the target location) or always invalid (indicating consistently a distractor location). In the valid condition, conflict resolution cannot play a role because the task relevant salient signal is presented at the very same location as the target. In other words, there are no conflicting signals present in the visual field. If processes resolving conflict influenced the difference between the error saccade latencies in the different similarity conditions in Experiment 1, the saccade latencies to the valid onset should be shorter than the error saccade latencies to the invalid onset in this experiment. However, if top-down processes driven by task-relevance of the distractor caused the difference between the error saccades in Experiment 1, we should find similar saccade latency distributions in Experiment 2 as in Experiment 1.

Experiment 2 {#Sec16}
============

Method {#Sec17}
------

### Participants {#Sec18}

Fourteen paid volunteers (aged 18--25) participated in the experiment. All participants had normal or corrected to normal vision.

### Apparatus and design {#Sec19}

The same apparatus set-up as in Experiment 1 was used. Experiment 2 consisted of two blocks. One block with an onset at one of the non-target locations (invalid onset condition) mixed with no-onset trials (neutral condition) and one block with an onset at the target location (valid onset condition) mixed with no-onset trials (neutral condition). The block with the invalid onset condition consisted of 480 onset trials and 240 no-onset trials. The block with the valid onset condition consisted of 96 onset trials and 48 no-onset trials. Each block started with ten practice trials. The trials were randomly presented within a block and blocks were counterbalanced between participants.

We used the same paradigm as in Experiment 1 with the exception that in the onset conditions an open square, 3.05° in diameter with a line-thickness of 0.2°, was presented surrounding one of the filled circles. The non-targets and the square were red and the target gray.

Each trial began with a white plus sign. After 1,400 ms the red circles were presented for at least 500 ms with an additional random jitter between 0 and 200 ms. One of the red circles changed to gray indicating the target location. Simultaneously with the color change, the fixation point disappeared and in the onset trials, the square was presented surrounding one of the circles, either one of the non-targets (invalid onset condition) or the target (valid onset condition). The target was presented equally often at each of the four possible target locations: 1, 5, 7 or 11 o'clock. The onset was also presented either at 1, 5, 7 or 11 o'clock. In the valid onset condition, the onset was presented at target location and in the invalid onset condition at one of the other three remaining locations.

### Procedure {#Sec20}

The same as in Experiment 1 except that the feedback about their response time was displayed on the screen after every 24th trial in both blocks.

Results {#Sec21}
=======

Of all trials the initial saccade latencies below 80 ms (4.4%) and above 300 ms (3.7%) were excluded from analysis.

Initial saccades {#Sec22}
----------------

In the neutral condition 95% of all initial saccades went to the target. In the invalid onset condition 65% of all initial saccades went to the target and in the valid onset condition 96%.

A Friedman test on percentage correct saccades showed that there was a significant effect of the various conditions \[*χ*^2^ (2, *N* = 14) = 23.286, *P* \< 0.01\].

In the invalid onset condition 18% of all initial saccades went to the distractor. In the neutral condition 5% of all initial saccades went to locations elsewhere than the target and in the valid onset condition 4%. In the invalid onset condition 17% went to locations elsewhere than the target or the distractor. A Friedman test on percentage saccades directed elsewhere showed a significant effect of condition \[*χ*^2^ (2, *N* = 14) = 23.286, *P* \< 0.01\], indicating that a distractor present at a non-target location disturbed performance.

Initial saccades to the target {#Sec23}
------------------------------

Saccade latencies to the target in the neutral condition did not differ significantly between the two blocks (*P* = 0.81), therefore the neutral condition trials in the two blocks were pooled. An ANOVA on saccade latency showed that there was a significant main effect of condition \[*F*(1.2, 15.6) = 41.514, *P* \< 0.01, with Greenhouse--Geisser correction\]. Planned comparisons showed that the mean saccade latency in the neutral condition (192 ms, SE 5 ms) was significantly shorter than the mean saccade latency in the invalid onset condition \[208 ms, SE 6 ms; *t*(13) = 5.647, *P* \< 0.01\]. In addition, mean saccade latency in the valid onset condition (166 ms, SE 6 ms) was significantly shorter than mean saccade latency in the neutral condition \[*t*(13) = 5.982, *P* \< 0.01\].

Time-course of correct saccades {#Sec24}
-------------------------------

To examine the effect of the relevance of the location of the onset on saccade latency, we calculated individual cumulative distribution functions of the saccade latencies to the target for each subject (see Fig. [3](#Fig3){ref-type="fig"}). An ANOVA with condition (neutral, valid onset and invalid onset) and bin as factors revealed a main effect of condition \[*F*(1.2,15.7) = 40.707, *P* \< 0.01, with Greenhouse--Geisser correction). Planned comparisons revealed that in all bins, saccade latencies to the target in the valid onset condition were significantly shorter than saccade latencies to the target in the neutral condition and the invalid onset condition (*P* \< 0.01). Furthermore, in all bins saccade latencies to the target in the neutral condition were significantly shorter than saccade latencies to the target in the invalid onset location (*P* \< 0.01). Fig. 3Cumulative distribution functions of the latencies of the correct saccades in the valid onset, the neutral and the invalid onset condition (*closed triangles, circles and squares*) and of the error saccades to the onset in the invalid onset condition (*open squares*)

Initial saccades to the valid and the invalid onset {#Sec25}
---------------------------------------------------

To examine whether initial saccade latencies to the valid onset differed from initial saccade latencies to the invalid onset, we compared the mean saccade latencies. Mean saccade latency to the invalid onset (error saccades) was significantly shorter (154 ms, SE 4 ms) than mean saccade latency to the valid onset \[166 ms, SE 6 ms; *t*(13) = 2.463, *P* \< 0.05\].

Time-course of correct and error saccades {#Sec26}
-----------------------------------------

To examine the effect of the relevance of the onset on saccade latencies, we calculated individual cumulative distribution functions of the latencies of error saccades and correct saccades (see Fig. [3](#Fig3){ref-type="fig"}). An ANOVA with condition (valid onset and invalid onset) and bin as factors revealed a main effect of condition \[*F*(1,13) = 5.890, *P* \< 0.05\] and an interaction \[*F*(1.5,19) = 18.374, *P* \< 0.01, with Greenhouse--Geisser correction\]. Furthermore, planned comparisons showed that the saccades in the first three bins did not differ significantly. All other bins differed significantly (*P* \< 0.05).

Initial saccades directed elsewhere than the target or invalid onset {#Sec27}
--------------------------------------------------------------------

In the neutral condition, there was no significant difference between the mean latency of saccades directed elsewhere than the target (185 ms, SE 5 ms) and mean latency of saccades directed to the target (192 ms, SE 5 ms). In the valid onset condition, all but one subject had very few observations (*n* \< 10) of saccades directed to a location elsewhere than the target. Therefore, no parametric analysis was conducted for these saccade latencies. In the invalid onset condition, the mean latency of saccades directed elsewhere than the target or distractor (178 ms, SE 4 ms) was significantly longer than mean latency of saccades directed to the invalid onset \[154 ms, SE 4 ms; *t*(13) = 10.714, *P* \< 0.01\]. The shorter latency of error saccades directed to the invalid onset relative to the error saccades directed elsewhere indicate that the onset directed saccades were driven by the saliency information at that location.

Discussion {#Sec28}
==========

The results of Experiment 2 show again that latencies of saccades to the target are delayed by the presence of an additional distractor (at a non-target location). The most revealing result of Experiment 2 concerns the time-course of the saccades in the valid onset condition. In this condition, both saliency information and task relevance information acted in favor of target selection. Note that the valid onset, if present, was presented at target location in 100% of time. Accordingly, subjects should have been fastest to select this location compared to any other locations in other conditions. However, subjects were fastest to select the invalid onset at a non-target location. This is consistent with Experiment 1 in which saccade latencies to a dissimilar distractor (task irrelevant) were shorter than saccade latencies to a similar distractor (task relevant).

As can be seen in Fig. [3](#Fig3){ref-type="fig"}, the latency distributions show a similar time-course as those observed in Experiment 1. The distribution of the error saccades to the invalid onset and the distribution of the correct saccades to the valid onset show that there is no difference between saccade latencies early in time, but later in time (after ∼160 ms) the distributions start to differentiate. Whereas the information at target location was salient *and* relevant for the task, the information at a non-target location was salient but not relevant for the task. These results suggest that the difference between the distribution of correct saccades in the valid onset condition and the distribution of error saccades in the invalid onset condition may be the result of an interaction between bottom-up and top-down information. Importantly, the fact that these time-courses show the same pattern as in Experiment 1 indicates that the results of Experiment 1 cannot be attributed to processes resolving conflict. Whereas in Experiment 1, two signals at different locations would have to be resolved, in this experiment either two signals at one location (valid onset condition) or two signals at different locations (invalid onset condition) would have to be resolved. However, saccade latencies to the onset at a non-target location (two signals at different locations) were shorter than saccade latencies to the onset at target location (two signals at the same location), suggesting that the interaction between bottom-up and top-down information affected these latter saccade latencies.

General discussion {#Sec29}
==================

Results of the two experiments lead to the conclusion that automatic capture and contingent capture differ in time-course. Early in time, capture was completely independent of task relevance, indicating that saliency information is processed first resulting in automatic capture. Later in time, task relevance influenced saccade latencies, indicating that task relevant information is processed later resulting in contingent capture.

The idea that bottom-up information can be influenced by top-down processes later in time would explain the difference between the obtained results in the additional distractor paradigm (Theeuwes [@CR18], [@CR19], b; Yantis and Jonides [@CR35], [@CR36]) and the distractor cueing in advance studies (Folk et al. [@CR3], [@CR4]). In the first 150 ms, saliency information guides attentional selection and after 150 ms slower additional top-down processes become available. As a result, a distractor that is contingent on task demands will be more difficult to inhibit only later in time. In addition, the results of Experiment 2 showed that a top-down search strategy for singletons (Bacon and Egeth [@CR1]) is not sufficient to explain attentional capture. In the valid onset condition, the onset at target location is the only unique singleton in the display. If participants had adopted a search strategy for singletons, saccade latencies to the valid onset at the target location should have been shorter than saccade latencies to an invalid onset at a non-target location. However, we found that saccade latencies to a singleton (invalid onset) in a display with another singleton (the target) were shorter than saccade latencies to one unique singleton (valid onset) in the display. Accordingly, these results suggest that a top-down strategy for unique singletons, even when appropriate as in our valid onset condition, does not necessarily speed up selection but may in fact increase saccade latencies.

Although our results are consistent with the notion that saccade latencies driven by saliency are shorter than saccades driven by top-down goals (e.g., Godijn and Theeuwes [@CR5]; van Zoest and Donk [@CR30]; van Zoest et al. [@CR32]), the current findings seem to suggest an integration of saliency and top-down information. In contrast to earlier conclusions of van Zoest and colleagues (van Zoest and Donk [@CR30]; van Zoest et al. [@CR32]) who claimed that saliency and top-down processes operate in different and independent time-windows, our findings imply that top-down processes integrate with saliency information (see also Godijn and Theeuwes [@CR5]; Ludwig and Gilchrist [@CR8], [@CR9], b). This is consistent with the competitive integration model (Godijn and Theeuwes [@CR5]). This functional model states that saccades are generated in a common spatiotopic saccade map in which bottom-up and top-down information is integrated (see also Ludwig and Gilchrist [@CR8], [@CR9], b). If a location in the saccade map is activated, neighboring locations will also get activated but due to lateral inhibition, more distant locations will be inhibited. In addition, inhibition can also be achieved through an additional top-down mechanism that directly affects the activation within the saccade map (e.g., Tipper et al. [@CR25]). If the activation in the map reaches a certain threshold, a saccade to that location is executed. Results from studies with the additional distractor paradigm (Godijn and Theeuwes [@CR5]) suggested that bottom-up saliency information activates the saccade map first before top-down information is available. Godijn and Theeuwes ([@CR5]) concluded this on the basis of several findings. First, error saccades to a salient distractor were faster than correct saccades to the target and second, the location of the target in relation to the location of the distractor had no effect on the fastest saccades while it did have an effect on the slower saccades. They argued that top-down information reaches the saccade map later because additional processing is necessary for goal-directed saccades in order to determine if the properties of the stimulus are related to the goal.

The competitive integration model is supported by the neurophysiology of saccade programming. Godijn and Theeuwes placed their model in the superior colliculus (SC) which plays an essential role in saccade programming (for reviews, see Schall [@CR17]; Van der Stigchel et al. [@CR29]) and is assumed to integrate top-down activation and saliency activation from the environment (Trappenberg et al. [@CR26]). The SC receives top-down activations from the frontal eye fields (FEF), supplementary eye fields, the lateral intraparietal area and the dorsolateral prefrontal cortex. Integration of bottom-up and top-down information in the process of target selection, however, is not only observed in the SC but also in other areas involved in oculomotor programming such as the FEF (see for example Everling and Munoz [@CR2]; for review Schall [@CR17]).

Whereas Godijn and Theeuwes ([@CR5]) argue that bottom-up and top-down control are integrated in a common saccade map, Irwin et al. ([@CR6]) argued that the two different selection mechanisms are each controlled by different parallel pathways: one cortical pathway, responsible for voluntary goal-directed saccades and one sub-cortical pathway depending on the SC and responsible for reflexive involuntary saccades (e.g., Schall [@CR17]). They reached this conclusion after they determined which salient items induced oculomotor capture. Abrupt onsets, luminance increments and color changes were used as the salient distractor. Results showed that abrupt onsets and luminance increment of an irrelevant distractor captured the eyes. A color change of the distractor, however, did not have these effects. Based on the idea that neurons in the SC appear not to discriminate color (Marrocco and Li [@CR12]), Irwin et al. argued that the color change in their experiment could never elicit a reflexive like saccade. However, although the initial activity in the SC does not reflect color discrimination, target identity information on the basis of color does reach the SC 100 ms after stimulus onset (McPeek and Keller [@CR13], [@CR14]).

The hypothesis that involuntary saccades based on saliency are processed by a different pathway than goal-directed saccades (e.g., Irwin et al. [@CR6]; Schall [@CR17]) seems not consistent with our results. However, we cannot completely rule out the idea that the generation of saliency-driven saccades is processed by a sub-cortical route. In this study, bottom-up saliency information is processed faster than top-down color information. Nevertheless, our results seem to contradict a clear dissociation between a sub-cortical pathway responsible for involuntary saccades and a cortical pathway responsible for voluntary saccades. In this study, top-down activation seems to enhance bottom-up saliency information. The integration of information is not only present in the error saccades to a similar salient distractor, but also shown by the shorter correct saccade latencies to the salient valid onset relative to correct saccade latencies in the baseline condition when no onset is presented. However, integration of top-down and bottom-up information also seems to slow the oculomotor system. Saccade latencies to the similar and valid onset were longer than saccade latencies to a dissimilar or invalid onset. Especially, experiment 2 reveals that top-down goal information could decelerate instead of accelerate the oculomotor system. Subjects in this experiment had no reason to inhibit the saliency information at the target location because it was 100% valid. Nevertheless, the saccade latency distributions showed that saccades were slowed by this saliency information (for similar results see van Zoest and Donk [@CR30]). Initial automatic inhibition of saliency information could explain these results. Kramer et al. ([@CR7]), already speculated in addition to an intentional type of inhibition about an automatic type of inhibition. However, how and where these two types of inhibition are controlled is not yet clear. Future research about automatic and contingent capture could give more insight into the processes involved in the activation and inhibition of saliency information and top-down signals acting upon this information, whether inhibitory or excitatory.
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